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© Method for forming pattern. 

@ A method for forming a pattern which im- 
proves a profile of a resist pattern. The method 
comprises the steps of forming a photoresist 
layer on a substrate (1) having a step, firstly 
exposing the photoresist layer using a first 
mask, secondly exposing a portion of the 
photoresist layer which is relatively thick due to 
the step using a second mask, and developing 
the exposed photoresist layer. Consequently, 
sufficient exposure is performed in a thick resist 
at the step portion, thereby to avoid the for- 
mation of a bridge or scum and obtaining a 
pattern having an improved profile. 
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The present invention relates to a method for 
forming a pattern, and more particularly, to a method 
for forming a pattern having a simple manufacturing 
process while providing a pattern in which a pattern 
profile at the portion of a high step is improved. 

According to procession of high integration and 
high performance of a semiconductor device, a com- 
plicated structure has been introduced. Accordingly, 
technology enabling the formation of a fine pattern 
on a semiconductor substrate is much needed. It is 
widely known that such a pattern of a semiconductor 
device is formed by a photolithographic method. 

The pattern forming method by the photolitho- 
graphic method is as follows. First, a photoresist layer 
whose solubility may be changed on irradiation of 
light, such as, ultraviolet or X-ray, is formed on the up- 
per surface of a substrate such as an insulation layer, 
a conductive layer or a semiconductor wafer, on 
which a pattern may be formed. Using a mask which 
is patterned so that a predetermined portion is selec- 
tively exposed to light, light is selectively irradiated 
onto the resist layer. Thereafter, by developing the re- 
sist layer to which the light is irradiated, a resist por- 
tion having a high solubility (in case of a positive re- 
sist the exposed portion) is removed while a resist 
portion having a low solubility is left, so as to form a 
resist pattern. The portion of the substrate from 
which the resist is removed is etched to form a pat- 
tern. After completing a substrate etching, the re- 
maining resist is removed to obtain a pattern neces- 
sary for the respective wiring, electrodes, etc. 

Although a fine pattern can be formed in a high 
resolution using such a photolithography, a finer pat- 
tern formation needs further improvement of the re- 
lated processes. 

That is, in the fine pattern obtained after expos- 
ing the photoresist layer to the light and developing 
the exposed photoresist, the linewidth of the formed 
pattern is required to have the same ratio as the line- 
width of a photomask pattern. However, since various 
procedural processes exist in photolithography, it is 
very difficult to maintain a constant linewidth of the 
pattern. Such linewidth deviations are due to an en- 
ergy dosage difference which is collected in resists 
having different thicknesses, and due to light scatter- 
ing at the step due to refraction and reflection (see 
"Silicon Processing for the VSLI Era" by S. Wolf and 
R.N. Tauber, Vol.1, p439, 1986). 

FIG. 1 of the accompanying drawings is a flow- 
chart diagram of a pattern formation process accord- 
ing to the conventional single layer resist method. Re- 
ferring to FIG. 1, the pattern formation will be descri- 
bed below in more detail. 

The photosensitive material is coated on the up- 
per surface of the substrate while the substrate is ro- 
tated at a velocity of 100 to 1,000rpm. Thereafter, if 
the substrate is rotated at a high speed, for example, 
2,000 to 6,000rpm, the photosensitive material is ra- 



dially spread by a centrifugal force and is formed as 
a resist layer having a uniform thickness on the whole 
substrate. 

FIGs.3A and 3B of the accompanying drawings 
5 show a change of the resist thickness at the step dur- 
ing a pattern formation according to the conventional 
single layer resist method, and a shape of the pattern 
at the step after developing, respectively. As shown 
in FIGs.3A and 3B, since the pattern is already 

10 formed on the substrate, the thickness of the resist 
layer is partially varied in case of the existence of the 
step. That is, as shown in FIG.3A, resist layer 2 is 
thickly formed at the step portion of the upper portion 
of substrate 1. Particularly, the number of steps is in- 

15 creased due to the development of a complex struc- 
ture according to the high integration of the device. If 
the resist of the step portion is formed more thickly 
than the other portion by such a complicated step 
during the photoresist coating, pattern bridge or 

20 scum, etc., is increasingly induced during the forma- 
tion of the resist pattern. 

FIG.3B shows a resist pattern 3 obtained by ex- 
posing and developing the resist layer formed as 
shown in FIG.3A. Referring to FIG.3B, the resist at 

25 the bottom of the step, that is* the portion corre- 
sponding to the portion at which the thickness of the 
resist is particularly thick, is not completely removed. 
Accordingly, it can be seen that the resist remains be- 
tween resist patterns 3 and is designated as a refer- 

30 ence numeral 4. 

Such an undesirable phenomenon is caused due 
to the following circumstances. To form an excellent 
resist pattern, the focus of the light while performing 
the light exposure, should match the central line of 

35 the thickness of the resist. That is, since the exposure 
area at the surface of the resist is symmetrical to the 
light exposure area at the lower surface of the resist 
with respect to the focal point, when the focal point 
matches the central line of the thickness of the resist, 

40 the light exposure areas of the surface and the lower 
portion of the resist are identical to each other, there- 
by having a sharp distribution of the light intensity. 
However, since the thickness of the resist layer which 
is formed on the wafer having a step is not constant 

45 according to the area of the substrate, it is rarely pos- 
sible to match the central line of the thickness of the 
whole resist layer with the focal point of the light. That 
is, for example, since the focal line of the light at the 
step having a relatively thick resist exists in the upper 

so portion of the central line of the thickness of the re- 
sist, the lower exposure range of the resist becomes 
broader than the upper exposure range. This means 
that the exposure energy dosage at the lower portion 
of the resist is relatively short, that is, the exposure 

55 is not sufficient. The insufficient exposure generates 
undesirable variations in the linewidth, bridge, scum, 
etc. Accordingly, the resist pattern profile becomes 
poor, so that the substrate cannot be etched. 
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To solve the above problem according to the con- 
ventional single-layer resist (SLR) method, a multi- 
layer resist (MLR) method has been developed. 

In FIG. 2 of the accompanying drawings a flow- 
chart of the pattern formation process according to 5 
the MLR method is shown. FIG.4 shows an inter layer 
structure during a pattern formation according to the 
MLR method. Referring to FIGs.2 and 4, the MLR 
method will be described below in more detail. 

First, on the upper portion of substrate 1 , a lower 10 
photoresist 11 for plan arizat ton is more thickly coated 
than the step of the substrate, and is then baked. Af- 
ter interlayer insulation layer 12 is coated on the up- 
per portion of the lower photoresist 11 , an upper pho- 
toresist 1 3 for exposure is coated to form a multi-layer 15 
resist After the upper photoresist is exposed and de- 
veloped, the interlayer insulation layer is dry-etched. 
Thereafter, the lower planarization photoresist is dry- 
etched using oxygen gas (O2) plasma to form a resist 
pattern. Then, using the resist pattern, the substrate 20 
is etched and the remaining resist is removed to ob- 
tain a pattern. The MLR method can yield patterns 
having high resolution less than or equal to 0.5iim. 

One application of the MLR method is disclosed 
in Japanese Laid-open Patent Publication sho 51- 25 
107775. In the above Japanese publication, an or- 
ganic layer (lower layer) is thickly coated on the upper 
portion of the substrate in which uneven portions or 
steps exist, so as to planarize the upper portion of the 
substrate. Then, an intermediate layer composed of 30 
a spin on glass (SOG), a phosphosilicate glass (PSG) 
or Si0 2 is formed on the upper portion of the sub- 
strate. Then, a photoresist layer (upper layer) is 
formed on the upper portion of the intermediate layer. 
Then, according to the conventional photolithograph- 35 
ic technology, the upper layer is exposed and devel- 
oped, and the intermediate layer is etched thereby to 
work the intermediate layer into a predetermined 
shape. Then, using the intermediate layer as a mask, 
the exposed portion of the thick lower layer is dry- 40 
etched for removal. Thereafter, the exposed portion 
of the layer to be worked is dry-etched by the lower 
layer patterning thereby to form a predetermined pat- 
tern. 

Also, Korean Patent Publication No. 89-3903 dis- 45 
closes a method for improving a resolution of a pat- 
tern in the MLR method. For doing this, by reducing 
differences between the refractive index of the inter- 
mediate layer with respect to the light and the refrac- 
tive index of the upper layer and the lower layer with 50 
respect to the light, the light reflection is reduced in 
each interface between the upper layer and the inter- 
mediate layer, and the intermediate layer and the low- 
er layer. At the same time, interference in the layer 
which is caused by the difference of the layer thick- 55 
ness in the lower layer is prevented and variation of 
the dimension is suppressed during the pattern for- 
mation. The method described in the above- 



mentioned Korean patent publication comprises the 
steps of sequentially depositing a layer to be worked, 
a lower layer composed of an organic polymer com- 
pound, an intermediate layer made of a material hav- 
ing a larger dry-etching resistant property than the 
lower layer and a photosensitive upper layer on a sub- 
strate, forming a pattern of the upper layer having a 
predetermined shape by selectively exposing light 
onto a predetermined portion of the upper layer and 
developing the exposed portion, removing an ex- 
posed portion of the lower layer, and forming a sub- 
strate pattern by removing the exposed portion of the 
substrate, wherein the difference between the light 
refractive index of the intermediate layer with the 
light refractive index of the upper layer and the lower 
layer are less than or equal to 12%. 

A fine pattern having a high resolution can be ob- 
tained by the MLR method. However, since the proc- 
esses are complicated and should pass through vari- 
ous steps, productivity is low, the number of defective 
products increases and the entire cost of the semi- 
conductor manufacturing process increases. 

Therefore, it is an object of the present invention 
to provide a pattern formation method capable of ob- 
taining a pattern having an excellent resolution, in 
which since a single-layer resist method is used, com- 
plicated processes are not passed through as in a 
multi-layer resist method, thereby simplifying proc- 
esses, saving cost, and easily developing the photo- 
resist which becomes thick at the step portion. 

According to the present invention, there is pro- 
vided a method for forming a pattern comprising the 
steps of: 

forming a photoresist layer on a substrate hav- 
ing a step; 

firstly exposing the photoresist layer using a 
first mask; 

secondly exposing a portion of said photore- 
sist layer which is relatively thick due to a step using 
a second mask; and 

developing the exposed photoresist layer. 
Embodiments of the present invention will now 
be described, by way of example, with reference to 
the accompanying drawings, in which: 

FIG.1 is a flowchart of a pattern formation proc- 
ess according to the conventional single-layer re- 
sist (SLR) method; 

FIG.2 is a flowchart of a pattern formation proc- 
ess according to the conventional multi-layer re- 
sist (MLR) method; 

FIGs.3A and 3B show a change of the resist thick- 
ness at the step during a pattern formation ac- 
cording to the conventional single layer resist 
method, and a shape of the pattern at the step af- 
ter developing, respectively; 
FIG.4 is a cross-sectional view of the interlayer 
structure during a pattern formation according to 
the conventional MLR method; 
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FIG.5 is a flowchart of a pattern formation proc- 
ess according to an embodiment of the present 
invention; 

FIG.6A is a cross-sectional view of a photoresist 
layer having a step; 

FIGs.6B and 6C show layouts of arranging grat- 
ing patterns which are designed on a second 
mask used in an embodiment of the present in- 
vention on the upper portion of the photoresist 
layer of FIG.6A; 

FIG.6D shows a layout of arranging a checkered 
pattern which is designed on a second mask 
used in an embodiment of the present invention 
on the upper portion of the photoresist layer of 
FIG.6A; 

FIGS.7A to 7C show a procedure of the pattern 
formation according to the process flow in the 
pattern formation method according to an em- 
bodiment of the present invention; and 
FIGs.8A and 8B show cross-section of the resist 
at the step during a pattern formation according 
to the conventional single layer resist method, 
and a shape of the pattern at the step after de- 
veloping, respectively. 

In a preferred embodiment of the present inven- 
tion, a resist is exposed, and then thicker resist por- 
tions are again exposed using a second mask. It is 
particularly desirable that the resist layer is sequen- 
tially exposed in a exposure apparatus using a first 
mask and the second mask. Also, it is desirable that 
the second mask pattern is manufactured so as to 
have a size of 0.5u,m to 400u,m along a step portion. 
More preferably, the second mask pattern is manu- 
factured so as to adjust the size of the second mask 
pattern according to the thickness of the photoresist 
and the depth of the step. 

FIG.5 is a flowchart of a pattern formation proc- 
ess according to an embodiment of the present inven- 
tion. To form a pattern having a high resolution in a 
device having a step in the present invention, a first 
exposure is performed on a single-layer resist using 
a mask having a predetermined pattern. Then, to re- 
move effectively the thick resist at the step portion, 
a second exposure is performed using a second 
mask having a predetermined pattern. That is, to 
solve the problem that since a decomposition density 
of a photo active compound (PAC) is small due to a 
weak exposure energy dosage at the thick resist por- 
tion after the first exposure, the thick resist portion 
is not cleanly developed, the step portion is once 
more exposed, thereby supplementing the exposure 
energy dosage to increase the decomposit ion density 
of the PAC. 

It Is desirable that the exposure energy dosage of 
the second exposure is 5% to 20% that of the first ex- 
posure. If the energy dosage is less than 5%, the ex- 
posure effect is weak, while if the energy dosage is 
more than 20%, the increase in the resolution of the 



pattern according to the energy increase is rather re- 
duced. If the second exposure energy dosage is 
made to be weaker than that of the first exposure en- 
ergy dosage, even though the portion which is not ex- 
5 posed during insertion of the first mask is exposed 
during insertion of the second mask, that portion is 
not left as a pattern since it has a small exposed light 
quantity and is not developed. Since the resist is suf- 
ficiently exposed at the step portion which is twice 

w exposed, a dean pattern is formed even in an ex- 
posed edge portion. 

Particularly, since the second mask has a pat- 
tern matching the upper portion of the thick resist lay- 
er of the step, the second mask has few fine patterns 

15 as in the first mask. Since the second mask has a suf- 
ficiently large size, the second exposure does not re- 
quire exact arrangement of the mask as in the first 
exposure. Also, there are no problems with rotation, 
orthogonality, etc., of the mask. Thus, according to 

20 the method of the present invention, the second ex- 
posure process is additionally added. However, it can 
be seen that when compared with the conventional 
exposure process, the second exposure process is 
relatively simple, but the effect thereof is excellent. 

25 To form a more excellent pattern, it is preferred 

that a defocus of several micrometers or so is given 
during the second exposure using the second mask. 
Such a defocus improves resolution of the pattern at 
the edge portion of the resist in which the first mask 

30 is overlapped with the second mask. Preferably, the 
defocus is 0.5 to 20u.m. 

Also, in the pattern formation method according 
to an embodiment of the present invention, a grating 
pattern (X- or Y-direction) or a checkered pattern is 

35 additionally added in the second mask in the prede- 
termined second pattern, to perform the second ex- 
posure. 

FIGs.6A to 6D show that grating patterns (refer- 
ence numeral 9 in FIGs.6B and 6C) or a checkered 

40 pattern (reference numeral 10 in FIG.6D) which is de- 
signed on the second mask is arranged on the upper 
portion of photoresist layer 2 having a step (FIG.6A). 

In such a pattern, the distance "d" between the 
gratings which are inserted parallel to the step is 

45 properly adjusted and arranged according to the 
change of the thickness of the photoresist by the 
step. Accordingly, the variation of the pattern size ac- 
cording to the change of the thickness of the photo- 
resist can be minimized. Here, the size or the dis- 

so tance of the grating pattern or the checkered pattern 
which is inserted into the second mask having a pre- 
determined pattern is made to be equal to or less than 
the resolution critical peripheral area. It is desirable 
that the second pattern is designed as a pattern 

55 which is not represented by the defocus. It is prefer- 
red that the grating pattern or the checkered pattern 
can be varied in the size or the distance thereof ac- 
cording to the change of the thickness of the photo- 
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resist 

The mask is generally classified as a hard mask 
or a soft mask. However, since the soft mask has the 
difficulty in forming a fine pattern less than or equal 
to 2.5u.m, the hard mask is chiefly used in the recent 5 
semiconductor manufacturing field. The hard mask is 
manufactured by coating a photointerceptive thin lay- 
er material on the substrate by means of deposition, 
sputtering or chemical vapor deposition. Sodalime, 
borosificate or crystal, etc., can be used as the mate- 10 
rial of the mask substrate. Among them, the price of 
the crystal is particularly high. However, the crystal 
has merits in that the thermal expansion coefficient 
is extremely small and the transmission rate of the 
shallow ultraviolet or deep ultraviolet light is very 15 
high. Thus, in embodiments of the present invention, 
it is desirable that the crystal is used as a material of 
the mask substrate. 

Silicon, ferric oxide, chrome or oxides of chrome 
can be used as a photointerceptive thin layer material 20 
which is coated on the mask. Particularly, it is desir- 
able that a composite material of chrome and chromic 
oxide is used in embodiments of the present inven- 
tion. 

Besides the conventional mask in which 25 
chrome/chromic oxide is coated on the substrate, a 
reflective mask or a phase shift mask, etc., can be 
used as a mask which can be used in embodiments 
of the present invention. 

The exposure light which can be used in the pres- 30 
ent invention has no limitations as far as the pattern 
can be formed by giving difference of solubility be- 
tween the exposed portion and the non-exposure 
portion of the photoresist. As the light, a KrF Excimer 
laser (248nm) and ArF Excimer laser (1 93nm) as well 35 
as the g-line (436nm), Mine (365nm), h-line (405nm) 
and broadband deep ultraviolet light (240-440nm) 
coming from a mercury lamp or a Xe lamp, can be 
used in the present invention. 

Besides a reduced projection exposure method, 40 
one to one projection exposure method, X-ray expos- 
ure method, etc., can be used without any exception 
as an exposure method. 

The photosensitive material is generally classi- 
fied into a positive type or a negative type. The neg- 45 
ative type photosensitive material is composed of a 
mixture of cyclized rubber-based resin and bisazide- 
based compound. The light irradiated portion is hard- 
ened by forming a network structure by means of a 
crosslinked material (bisazide- based compound), so 
and the non-exposed portion is dissolved out by a de- 
veloper. By contrast, the positive type photosensitive 
material is generally composed of a quinone diazide- 
based photosensitive material, an alkaline-soluble 
phenol-based resin and an organic solvent. The resin 55 
is itself alkaline-insoluble, and is changed into alka- 
line-soluble by the light irradiation. Since the positive 
type photosensitive material has higher resolution 



than that the negative type, the positive type is wide- 
ly used recently. 

In the present invention, either the positive type 
or the negative type can be used as the photosensi- 
tive material. However, as described above, it is de- 
sirable that the positive type having a higher resolu- 
tion is used. As the positive type photosensitive ma- 
terial, used in the present invention, novolak-based 
resist composition, chemically amplified resist com- 
position or chain scission resist composition can be 
used in the present invention. 

Hereinbelow, the preferred embodiments of the 
present invention will be specifically described. How- 
ever, the present invention is not limited thereto. 

Example 1 

By spin-coating the photoresist including novo- 
lak-based resin and diazonaphthoquinon on the up- 
per portion of the substrate having a step, the photo- 
resist layer is formed in a thickness of 1.2u.m. Align- 
ment-exposure using a predetermined crystal mask 
having a metal pattern is performed with the ultravio- 
let g-line (436nm). Thereafter, to remove the thick re- 
sist at the step portion effectively, a second mask is 
inserted in which a pattern designed to have a size 
of 9 to 1 Ou.m or so in the same direction as that of the 
metal pattern. Then, the firstly exposed resist is sec- 
ondly exposed continuously at the step with energy 
of 10% or so of the first exposure energy. Here, the 
focal point of the second mask is made to move by 
about Sum as a defocus, thereby to perform the ex- 
posure. Thereafter, wet development is performed 
with an aqueous alkaline solution of tetramethyl am- 
monium hydroxide (TMAH), to form a resist pattern. 
Using the formed resist pattern, the substrate to be 
worked is etched, and the remaining resist is re- 
moved, thereby obtaining a desired pattern. 

Example 2 

The photoresist layer is formed on the upper por- 
tion of the substrate having a step, by the same meth- 
od as described in example 1. Alignment-exposure 
using a predetermined crystal mask having a metal 
pattern is performed with the ultraviolet g-line 
(436nm). Thereafter, to remove effectively the thick 
resist at the step portion, a second mask is inserted 
in which a pattern designed to have a size of 9 to 
1 0um or so in the same direction as that of the metal 
pattern and a grating pattern or a checkered pattern 
having a size of 0.1 to 0.2um is aligned therein. Then, 
the firstly exposed resist is alignment-exposed (sec- 
ondly exposed) continuously at the step with the en- 
ergy of 10% or so of the first exposure energy. Here, 
the focal point of the second mask is made to move 
by about 5\ixn as a defocus, thereby to perform ex- 
posure. Thereafter, wet development is performed 
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with an aquous alkaline solution of tetra methyl am- 
moniumhydroxide (TMAH), to form a resist pattern. 
Using the formed resist pattern, the substrate to be 
worked is etched, and the remaining resist is re- 
moved, thereby obtaining a desired pattern. 

In the above embodiments, roughness of the pat- 
tern at the edge portion can be improved in which the 
first mask and the second mask are overlapped by 
the defocus, and the effect of the grating pattern or 
the checkered pattern can be improved. 

FIGs.7A to 70 show a procedure of the pattern 
formation according to the process flow in the pattern 
formation method according to the present invention. 
FIGs.8A and 8B show shapes of the patterns at the 
step, which are obtained according to the first em- 
bodiment and the second embodiment 

The above embodiments will be described below 
in more detail with reference to FIGs.7A through 7C 
and FIGs.8A and 8B. 

As shown in FIGs.7A to 7C, the resist is f irst iy ex- 
posed (FIG.7A). Among the firstly exposed resists, 
resist 6 at the top of the step is not exposed but resist 
7 at the bottom of the step is secondly exposed 
(FIG.7B), to obtain the twice exposed resist 8. Then, 
by a post-exposure bake (PEB) and development, a 
smooth resist pattern 3 is formed without bridging or 
the scum at the portion of the step (FIG.7C). 

As shown in FIGs.8Aand 8B, the obtained resist 
pattern (FIG.8B) is represented in correspondence to 
the resist (FIG.8A) at the portion of the step. From 
FiGs.8A and 8B, it can be seen that a clean pattern 
is formed over the whole areas including area 5 at the 
bottom of the step where defects are apt to be pres- 
ent. 

As described above, if the fine pattern is made 
to be formed according to the present invention, the 
resist pattern having an excellent profile which can be 
formed by the MLR method can be obtained with only 
the single-layer resist. This can be simply accom- 
plished by performing exposure twice using two 
mask patterns. 

Also, the present invention, the defect rate is ex- 
tremely small (excluding the defects of the photore- 
sist itself), and the process is simple, thereby obtain- 
ing effects of through-put improvement and cost sav- 
ings. Thus, even though the step exists, the fine pat- 
tern can be easily formed. 

While the invention has been particularly shown 
and described with reference to preferred embodi- 
ments thereof, it will be understood by those skilled 
in the art that various changes in form and details 
may be made therein without departing from the 
scope of the invention. 



Claims 

1. A method for forming a pattern comprising the 
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steps of: 

forming a photoresist layer on a substrate 
(1) having a step; 

firstly exposing said photoresist layer us- 
ing a first mask; 

secondly exposing a portion of said photo- 
resist layer which is relatively thick due to said 
step using a second mask; and 

developing the exposed photoresist layer. 

2. A met hod according to claim 1, wherein a dimem- 
sion of the pattern of said second mask is adjust- 
ed according to the thickness of the photoresist 
and the depth of said step. 

3. A method according to claim 1 or 2, wherein said 
photoresist layer is continuously exposed in an 
exposure apparatus using said first and second 
masks. 

4. A method according to any preceding claim, 
wherein exposure energy during said second ex- 
posing step is 5 to 20% that of said first exposing 
step. 

5. A method according to any preceding claim, 
wherein a pattern of said second mask has a size 
of 0.5 to 400um along the step portion. 

,6. A method according to any preceding claim, 
wherein a defocus is given during said second ex- 
posing step. 

7. A method according to any preceding claim, 
wherein said defocus is 0.5 to 20um. 



8. 



A method according to claim 1 , wherein said sec- 
ond mask has a grating pattern or a checker- 
board type pattern. 

A method according to claim 8, wherein said grat- 
ing pattern or said checkerboard type pattern is 
varied in size or distance according to variation of 
the photoresist thickness. 



10. A method according to claim 8 or 9, wherein said 
grating pattern or said checkerboard type pat- 
tern has a size not more than a critical resolution 

11. A method according to claim 8 or 9, wherein said 
grating pattern or said checkerboard type pat- 
tern is a pattern having not more than a critical 
resolution by a defocus at said second exposing 
step. 
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FIG. 2 (PRIOR ART) 
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